
���������		
�		�	�

�

�������������������������������� ��!��
���������"�������!�#���$
���$��%���&


���!���������!�������!�������#�����'����
'�$���(�����$����)����
#�$�����$

���������*����#�+�%���

#,��,�-�$ �.���

%�������#���������/�����������0��1���



DOCUMENT AVAILABILITY

Reports produced after January 1, 1996, are generally available free via the U.S.
Department of Energy (DOE) Information Bridge.

Web site  http://www.osti.gov/bridge

Reports produced before January 1, 1996, may be purchased by members of the
public from the following source.

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone  703-605-6000 (1-800-553-6847)
TDD 703-487-4639
Fax 703-605-6900
E-mail  info@ntis.fedworld.gov
Web site  http://www.ntis.gov/support/ordernowabout.htm

Reports are available to DOE employees, DOE contractors, Energy Technology
Data Exchange (ETDE) representatives, and International Nuclear Information
System (INIS) representatives from the following source.

Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831
Telephone  865-576-8401
Fax 865-576-5728
E-mail  reports@adonis.osti.gov
Web site  http://www.osti.gov/contact.html

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government
or any agency thereof.



ORNL/SUB/99-B99398V-5

NEUTRONICS EXPERIMENTAL BENCHMARKS FOR THE
UTILIZATION OF MIXED-OXIDE FUEL—VERIFICATION OF

THE REFERENCE MONTE CARLO CODES APPLIED TO WATER-
MODERATED REACTORS WITH MOX FUEL

M. S. Yudkevich

Date Published: February 2001

Prepared by
Russian Research Center “Kurchatov Institute”

Institute of Nuclear Reactors
under subcontract 85B-99398V

Funded by
Office of Fissile Materials Disposition

U.S. Department of Energy

Prepared by
Computational Physics and Engineering Division

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831

managed by
UT-BATTELLE, LLC

for the
U.S. DEPARTMENT OF ENERGY

under contract DE-AC05-00OR22725









ACKNOWLEDGMENTS

The results reported herein were obtained by:
V.A. Barshevtsev, T.T. Ivanova, G.N. Manturov, Y.V. Rozhikhin, M. Yu. Semenov,
A.A. Tsiboulia (SSC RF IPPE, Russia);
J.J. Lichtenwalter (ORNL, U.S.)
N.I. Mexeyev, V.I. Brisgalov, S.V. Marin, M.S. Yudkevich (RRC “KI”, RUSSIA)
G. Radulescu and H. Akkurt (University of Texas, U.S.)

Recommendations and discussions of Mr. R.T. Primm, III were extremely useful for
author.





1

INTRODUCTION

In the current report computer investigation results of the experimental critical
assemblies are collected and analyzed. Earlier this information has been published as
Progress Reports of the Joint U.S./Russian Project, presented and discussed at the
specialist meetings.

The objective of this work is the validation of the reference Monte Carlo codes
and the neutron data in application to MOX fuel usage in water moderated reactors and to
criticality safety in a operation of MOX fuel fabrication.

The calculation results were obtained by the staff of following science nuclear
centers:
State Scientific Centre of the Russian Federation Institute for Physics and Power
Engineering (IPPE), Russia;
Oak Ridge National Laboratory (ORNL), U.S.
Russian Research Center "Kurchatov Institute" (RRC "KI"), Russia
University of Texas, U.S.

Descriptions of the critical assemblies were either taken from International
Handbook Ref. [1] or were provided by U.S. part of the Joint Project. Ref [2 - 7]

Several codes and different neutron databases were used:
MCNP. This widely known code described everywhere. In this work MCNP was

used with ENDF/B-V and ENDF/B-VI evaluated data libraries. The calculations have
been carried out in U.S. In a text below the code and the data are referred as
"MCNP (ENDF/B-V)" or "MCNP (ENDF/B-VI)"

MCU. This code, likewise MCNP, model a continuous energy neutron history in
a neutron multiplied system of an arbitrary geometry. The version MCU/RFFI/A, Ref [8,
p.3-i] was used in the current work. MCU code have her own neutron database
DLC/MCUDAT. In the current work the version DLCIMCUDAT-1 .0 was used. The
calculations have been carried out in RRC "KI". In a text below the code and the data are
refer as "MCU".

KENO-V.a.
This code, Ref [9] models a neutron history in a group approach. In the current
report calculation results with 238 group which were generated from ENDF/B-V are
presented. The calculations have been carried out in U.S. In a text below the code and the
data are referred as "KENO-V (ENDF/B-V)"

ABBN-93.
The calculations have been carried out in IPPE using the Monte-Carlo code

KENO-V.a and ABBN-93 constants set Ref [10]. The CONSYST/ABBN system with
ABBN-93 constants set Ref [11] was used for calculation the mixed material cross-
sections and for converting data to the CCC-254/ANISN formats. The IPPE calculations
were performed in the P5 order of anisotropy approximation with the 299-group ABBN-
93 cross-sections data set. In the text below the code and the data are referred as "KENO-
V (ABBN-93)"

In current report the brief description of all considered critical assemblies is
given. It was done to give the reader the general picture on the subject. Therefore the
inessential details were omitted, the geometry parameters were rounded, and the material
content is not mentioned. The source of detailed description is indicated, the variant
names in the report coincide with names in original description.









































































































































































































































Comments by ORNL staff on ORNL/SUB/99-B99398V-5

1. Page 2. The last sentence states that “(delta) A is the mean-square error.” This is also known as the
standard deviation of the values about the mean. It states that “the statistical dispersion of the particular
variant wasn’t taken into account. It’s valid as the scattering of the values to be averaged is much greater
than the statistical dispersion.” This is generally true and acceptable for the statistical uncertainty in the
calculated values. However, the reader should note that the uncertainties in some of the measured
critical states translate into rather large uncertainties in k-effective (on the order of 0.5%). We have
assumed that the statement is not interpreted to be that the scattering of calculated k-effectives was
different from the Gaussian distribution defined by the standard error of the mean from any one of the
calculations. If that were the case, then one must question if the problem was converged.

2. Pages 4 and 7; Tables 1.1 and 1.2. “D (inch)” is interpreted to mean the diameter of the cylindrical
vessel.

3. Page 9. There is no uncertainty value for the KENO-V (ENDF/B-V) result in Table 1.4. It is our
interpretation that the last two paragraphs on this page should be combined into one. Otherwise, it seems
that the comment stating that the experiments are unacceptable applies to the experiments presented in
Table 1.3 as well as Table 1.4. We believe that the author’s intent is to indicate that only the experiment
with the 17.9-in. diameter is unacceptable.

4. Page 11. Regarding the first bullet at the bottom of the page, it is assumed that “Delta Keff = –1” should
be replaced by “Delta K-eff = (calculated K) –1.” Regarding the third bullet, the reader should note that
the averages in Table 1.5 are the subject of discussion. The range for the MCU-calculated k-effective is
from 0.995 (p. 7, case 14-8) to 1.024 (p. 4, case 9-1). The “Delta K-eff” should just be “Keff.” Likewise,
for the fourth bullet, the statement refers to the averages in Table 1.5. The upper value in the range of
MCNP Keff values is 1.024 (p. 4, case 9-1). The “Delta Keff” should just be “Keff.” Regarding the fifth
bullet, the values given don’t appear to be averages over all of the cases presented in the previous tables,
but individual values taken from Table 1.5. For example, the values that we compute for the ABBN-93
and ENDF/B-V group results Tables 1.1 through 1.4 are

ABBN-93: Delta Keff = 0.003 ± 0.005.
ENDF/B-V: Delta Keff = 0.011 ± 0.006.

Likewise, the “Group approach” values do not appear to be averages over the values reported in
Tables 1.1 through 1.4.

5. Page 15. The comment at the end of the second paragraph “Calculation results with ENDF/B data are
not known to us” appears to be in error because Table 1.7 contains results with KENO using ENDF/B-V
data.

6. Page 17. In the third paragraph from the bottom, 0.025 should be 1.025. It is not clear that 241Pu is the
cause of the trend in k-effective because the fraction of 241Pu absorption is unchanged as the H/Pu ratio
changes.

7. Page 24. The 8 cm probably should be 80 cm.

8. Page 27. Table 2.2 indicates ABBN-90 (not ABBN-93). We assume that the library was actually ABBN-
93. Similar notations are used in Figs. 2.1, 2.2, and 2.3, and Tables 2.4 and 2.6. On p. 32, the last
paragraph states that ABBN-93 was used, while Table 2.6 indicates that ABBN-90 was used.



9. Pages 47 and 52. “NCNP:” should be “MCNP:”.

10. Page 60. The normalization factor, A, is consistent with the ESADA methodology, yet we felt that pin
powers should be computed relative to the standard rod. This was done by IPPE for KENO/ABBN
calculations (see page 78).

11. Pages 61–77. The figure numbers should be consistent with the other figures in this chapter. For
example, Fig. 1 on page 61 should be Fig. 4.5. Also, it would be helpful to the reader if these figure
numbers could be added to Table 4.6.

12. Page 100. The meaning of the last sentence on this page is not clear.
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